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P olycystic ovary syndrome (PCOS) is a pro-oxidant, proinflammatory state characterized by increases in reactive oxygen species, nuclear factor kB activation (NFkB) and cytokine secretion from peripheral blood mononuclear cells (MNCs) in response to glucose ingestion (1) (2) (3) (4) (5) . Insulin resistance (IR) is also a common finding in PCOS, resulting from defective insulin signaling that attenuates facilitative glucose transport (6, 7) . Similar metabolic aberrations have been described in obesity and type 2 diabetes, and alterations in the gut microbiome have recently been implicated as a contributor to IR (8, 9) .
Obese individuals have a less diverse gut microbiota enriched with bacteria that favor an increase in fatty acid absorption (8, 10) . Saturated fat ingestion, in particular, promotes alterations in the gut microbiome toward that observed in obesity (11) and increases gut permeability to lipopolysaccharide (LPS), a fat-soluble component of gut-related gram-negative bacteria (12, 13) . In fact, elevated circulating LPS levels have been observed in obesity and are associated with components of the metabolic syndrome (14) . LPS binds to toll-like receptor-4 (TLR-4), a pathogen pattern-recognition receptor present on MNCs in the circulation and MNC-derived macrophages within tissue (15) after delivery by LPS binding protein (LBP) previously intercalated to the membrane of these cells (16) . This phenomenon activates NFkB, the cardinal signal of inflammation that promotes transcription of TNFa, a known mediator of IR (17) (18) (19) . Increased TNFa expression upregulates the transcription of suppressor of cytokine-3 (SOCS-3), thereby creating a negative feedback loop that inhibits TNFa signaling (20) . However, SOCS-3 can also bind tyrosine 960 of the insulin receptor, thereby preventing insulin receptor substrate-1 from binding to the insulin receptor (20) . Insulin receptor substrate-1 is subsequently targeted for degradation causing truncation of the insulin signaling cascade and attenuated mobilization of GLUT 4, the glucose transport protein (21, 22) .
In a recent study, obese women with PCOS had an altered gut microbiome with a preponderance of gramnegative bacteria compared with that of obese control subjects (23) . A similar phenomenon was evident in lean women with PCOS compared with lean control subjects but to a much lesser extent compared with obese women with PCOS. Interestingly, circulating LBP is elevated in lean women with PCOS but similar to control subjects in overweight and obese women with PCOS (24) . High LBP concentrations enhance circulating LBP-LPS complexation, thus neutralizing LPS action by impairing its ability to access membrane-bound LBP for binding to TLR-4 (16) . To our knowledge, the contribution of LPS-and TLR-4-mediated inflammation to the proinflammatory state present in PCOS has never been evaluated. Similarly, the role of SOC-3 in defective insulin signaling in PCOS is unknown.
We designed a study to evaluate the effect of saturated fat ingestion on circulating LPS levels and the mRNA and protein content of TLR-4 from MNCs in women with PCOS. We also evaluated this effect on circulating TNFa levels and the mRNA and protein content of MNC-derived SOCS-3. We hypothesized that in response to saturated fat ingestion, circulating LPS and TNFa levels and the mRNA and protein content of TLR-4 and SOCS-3 are increased in women with PCOS compared with ovulatory control subjects of similar age and body mass index (BMI); and that these markers of inflammation are linked to adiposity, insulin sensitivity, levels of fasting lipids, and ovarian androgen secretion. Lean women with PCOS, representing the authentic syndrome, were evaluated separately from obese women with PCOS, who represented the superimposed effects of obesity on this disorder.
Materials and Methods

Participants
Nineteen women with PCOS (10 lean and 9 obese), 18 to 35 years of age, and 19 control subjects of similar BMI (10 lean and 9 obese), 19 to 40 years of age, volunteered for study participation. Lean subjects had a BMI between 18 and 25 kg/m 2 . Obesity was defined as a BMI between 30 and 40 kg/m 2 . Women with PCOS were diagnosed on the basis of oligoamenorrhea and hyperandrogenemia after excluding nonclassic congenital adrenal hyperplasia, Cushing syndrome, hyperprolactinemia, and thyroid disease. Polycystic ovaries were present on ultrasound in all subjects with PCOS. All control subjects were ovulatory, as evidenced by regular menstrual cycles lasting 25 to 35 days and a luteal-phase serum progesterone level consistent with ovulation (.5 ng/mL). All control subjects had normal circulating androgen levels and did not have any skin manifestations of androgen excess or polycystic ovaries on ultrasound.
Diabetes, inflammatory illnesses, and smoking were excluded in all subjects, although two obese women with PCOS had impaired glucose tolerance and metabolic syndrome, based on World Health Organization and Adult Treatment Panel III criteria, respectively (25, 26) . Fifteen women with PCOS (six lean and nine obese) and 13 control subjects (seven lean and five obese) had a family history of type 2 diabetes. None of the subjects was taking medications for at least 6 weeks before study participation that would affect carbohydrate metabolism or immune function. No subjects exercised regularly during the 6 months before study participation. Written informed consent was obtained from all subjects according to institutional review board guidelines for the protection of human subjects.
Study design
All study subjects underwent a cream challenge test (CCT) between days 5 and 8 after the onset of menstruation and an oral glucose tolerance test (OGTT) the following day. Both tests were performed after an overnight fast of ;12 hours. The women were given a healthy diet consisting of 50% carbohydrate, 35% fat, and 15% protein for 3 consecutive days before the CCT and after completing the CCT on the day preceding the OGTT. All subjects underwent body composition assessment on the same day as the CCT. A human chorionic gonadotropin (HCG) stimulation test was subsequently performed over 4 days beginning on the day of the OGTT.
Cream challenge test
As adapted from Deopurkar et al. (12) , 100 mL of dairy cream (gourmet heavy whipping cream; Land O' Lakes, Arden Hills, MN) was consumed by all subjects. The saturated fat content of the dairy cream preparation was 70% (28% unsaturated fat), the protein content was ,2%, and the glucose content was 0%. Blood samples were collected while subjects were fasting and at 2, 3, and 5 hours after cream ingestion to quantify molecular inflammation markers from MNCs isolated as previously described (27) . Plasma was isolated from these same blood samples and stored at -80°C until assayed for LPS, TNFa, and fasting lipid levels.
Oral glucose tolerance test
A 75-g glucose beverage was consumed by all subjects. Blood samples were collected while subjects were fasting and at 30, 60, 90, 120, and 180 minutes after ingestion of the glucose beverage to measure glucose and insulin levels. Plasma glucose levels were measured immediately, and insulin was measured later from plasma stored at -80°C. Insulin sensitivity was derived from the OGTT (IS OGTT ) using the Matsuda index formula: 10,000 divided by the square root of the fasting glucose level multiplied by the fasting insulin level, and that result multiplied by the product of the mean glucose level and mean insulin level (28) .
HCG stimulation test
After an overnight fast of ;12 hours, all subjects underwent baseline blood sampling at 8 AM, immediately followed by administration of a 5000 IU intramuscular injection of HCG (Pregnyl; Merck & Co., Whitehouse Station, NJ). Fasting blood samples were subsequently collected at 24, 48, and 96 hours after the HCG injection. The serum isolated from these samples was stored at -80°C until assayed for testosterone, androstenedione, and 17-hydroxyprogesterone (17-OHP). Area under the curve (AUC) for androgens and 17-OHP was calculated using the trapezoidal rule (29) .
Body composition assessment
Height without shoes was measured to the nearest 1.0 cm. Body weight was measured to the nearest 0.1 kg. All subjects also underwent dual-energy X-ray absorptiometry to determine percentage of total body fat, percentage of truncal fat, and R1 central abdominal fat, using the QDR 4500 Elite model scanner (Hologic, Waltham, MA), as previously described (30, 31) .
Real-time PCR
Total RNA was isolated and the mRNA content of TLR-4 and SOCS-3 was quantified by real-time PCR, as previously described (32) , except that an ABI Prism 7300 Sequence Detection System (Applied Biosystems, Foster City, CA) was used for the current study. Primer Express software (PE Biosystems, Foster City, CA) was used to select the primer sequences for TLR-4 (GenBank U88880.1; forward primer: 5 0 -TTGGGAC-AACCAGCCTAAAG-3 0 ; reverse primer: 5 0 -TGCCATTGAA-AGCAACTCTG-3 0 ) and SOCS-3 (GenBank NM_003955; forward primer: 5 0 -TCACCCACAGCAAGTTTCCCGC-3 0 ; reverse primer: 5 0 -GTTGACGGTCTTCCGACAGAGATGC-3 0 ). The rRNA signal for the housekeeping gene ribosomal protein L13a was used to normalize against differences in RNA isolation and degradation, and in efficiencies of reverse transcription and PCRs using the comparative cycle threshold method.
Western blotting
The protein content of TLR-4, SOCS-3, and actin was quantified by Western blotting, as previously described, using a 1:350 dilution of a monoclonal antibody (Abcam, Cambridge, MA) against TLR-4, and a 1:500 dilution of a polyclonal antibody (Santa Cruz Biotechnology, Santa Cruz, CA) against SOCS-3 or actin (33) . Densitometry after Western blotting was performed on scanned films using Carestream Molecular Imaging software, version 5.0.2.30 (Rochester, NY), and all values for TLR-4 and SOCS-3 were corrected for loading using the values obtained for actin.
Plasma and serum measurements
Plasma LPS was measured using a commercially available kit (Cambrex Limulus Amebocyte Lysate kit; Lonza, Walkersville, MD; sensitivity, 0.1 endotoxin units/mL; intraassay coefficient of variation [CV], 6.8%; interassay CV, 9.2%). Samples used to measure LPS were diluted 10-fold and processed using pyrogenfree materials in glass tubes to prevent loss of endotoxin to plastic tube walls. Plasma TNFa was measured by highsensitivity ELISA (Quantikine; R&D Systems, Minneapolis, MN; sensitivity, 0.1 pg/mL; intraassay CV, 5.4%; interassay CV, 8.3%). Plasma glucose was measured by the glucose oxidase method (YSI; Yellow Springs, OH). Plasma insulin was measured by radioimmunoassay (Millipore, Billerica, CA; sensitivity, 2.72 mU/mL; intraassay CV, 3.8%; interassay CV, 3.2%). Plasma total cholesterol, triglycerides, high-density lipoprotein (HDL) and low-density lipoprotein (LDL) were measured by enzymatic methods (Synchron LX20 PRO automatic analyzer, Beckman Coulter, Fullerton, CA; respective sensitivities: 25 mg/dL, 5 mg/dL, 3 mg/dL, and 8 mg/dL; intraassay CV range, 0.5% to 4.0%; interassay CV range, 1.1% to 4.5%). Serum LH, testosterone, androstenedione, and 17-OHP were measured by radioimmunoassay (Siemens, Los Angeles, CA; respective sensitivities: 0.1 IU/L, 5 ng/dL, 0.1 ng/mL, and 0.1 ng/mL; intraassay CV range, 4.1% to 6.8%; interassay CV range, 4.0% to 11.2%). The testosterone assay demonstrates good correlation with commercial liquid chromatography tandem mass spectrometry (34). Serum dehydroepiandrosterone-sulfate level was measured by chemiluminescence on a UniCel DxI 800 Immunoassay System (Beckman Coulter, Chaska, MN; sensitivity, 1 mg/dL; intraassay CV, 4.7%; interassay CV, 6.1%). All samples from each subject were measured in duplicate in the same assay at the end of the study.
Statistics
Statistical analysis was conducted using the StatView software package (SAS Institute, Cary, NC). All values were initially examined graphically for departure from normality, and the natural logarithm transformation was applied as needed. For each participant, the percent change from baseline was used to assess treatment effects on inflammation markers due to interindividual variability. The incremental AUC (iAUC) was also calculated for each inflammation marker, using the trapezoidal rule (29) . Two-way ANOVA revealed significant independent effects of PCOS status (PCOS vs control) and weight class (obese vs lean) on the CCT sequential change from baseline and the iAUC of these main variables, and no significant interaction effect between PCOS status and weight class (35) . Interactions were not investigated further. Data were further compared using ANOVA for multiple group comparisons (lean PCOS subjects vs lean control subjects vs obese PCOS subjects vs obese control subjects) followed by post hoc analyses using the Tukey Honestly Significant Difference test to identify the source of significance. Differences among groups in the response of inflammation markers over time during the CCT were analyzed using repeated-measures ANOVA followed by post hoc analyses. Pearson product moment correlation coefficients were calculated for correlation analyses. Data are presented as mean 6 SE, and results with a two-tailed a-level of 0.05 were considered significant.
Results
Age, body composition, and blood pressure All four groups were similar in age, height, and systolic and diastolic blood pressures (Table 1) . Obese subjects had significantly (P , 0.05) higher weight, BMI, percentage of total body fat, and percentage of truncal fat and R1 fat compared with lean subjects whether or not they had PCOS. However, these measures of body composition were similar when women with PCOS were compared with control subjects of similar weight class.
Plasma LPS and TLR-4 mRNA and protein content
Basal plasma LPS levels were similar in all four groups (Table 1) . In response to saturated fat ingestion, the change from baseline in plasma LPS and MNC-derived TLR-4 mRNA and protein content decreased in lean subjects and was significantly (P , 0.02) different compared with the increase observed in obese subjects after 2 and 3 hours whether or not they had PCOS (Fig. 1) . The response in all three inflammatory markers reached a maximum after 3 hours in all four groups and returned to baseline in the lean groups and in obese control subjects after 5 hours. Obese women with PCOS had significantly (P , 0.02) greater responses in plasma LPS and MNC-derived TLR-4 protein content compared with obese control subjects after 2 and 3 hours, and significantly (P , 0.02) greater residual responses in all three inflammatory markers compared with the other three groups after 5 hours.
The iAUC for plasma LPS and MNC-derived TLR-4 mRNA and protein content also decreased in lean subjects and was significantly (P , 0.04) different compared with the increase observed in obese subjects whether or not they had PCOS (Fig. 2) . Obese women with PCOS exhibited a significantly (P , 0.0007) greater iAUC for plasma LPS and TLR-4 protein content compared with obese control subjects.
Plasma TNFa and SOCS-3 mRNA and protein content
Basal plasma TNFa levels were significantly (P , 0.0001) higher in obese subjects whether or not they had PCOS (Table 1) . In response to saturated fat ingestion, the change from baseline in plasma TNFa and MNCderived SOCS-3 mRNA and protein content decreased in lean control subjects and was significantly (P , 0.05) different compared with the increase observed in lean and obese women with PCOS and obese control subjects after 2 and 3 hours (Fig. 3) . The SOCS-3 mRNA and protein content response reached a maximum after 3 hours in all four groups and returned to baseline in the lean groups and in obese control subjects after 5 hours. Obese women with PCOS exhibited significantly (P , 0.05) greater responses in SOCS-3 protein content compared with obese control subjects after 2 and 3 hours, and significantly (P , 0.0001) greater residual responses in SOCS-3 mRNA and protein content compared with the other three groups after 5 hours.
The iAUC for plasma TNFa and MNC-derived SOCS-3 mRNA and protein content decreased in lean control subjects and was significantly (P , 0.03) different compared with the increase observed in lean and obese women with PCOS and obese control subjects (Fig. 2) . Obese women with PCOS exhibited a significantly (P , 0.05) greater iAUC for SOCS-3 mRNA and protein content compared with obese control subjects.
Insulin sensitivity and fasting lipids
IS OGTT was significantly lower (P , 0.05) in subjects who were obese compared with lean control subjects and in lean women with PCOS compared with lean control subjects ( Table 1) . Plasma cholesterol and LDL were significantly (P , 0.05) higher in women with PCOS compared with control subjects regardless of body composition status. In obese women with PCOS, plasma triglycerides were significantly (P , 0.05) higher compared with those of the other three groups, and plasma HDL was significantly (P , 0.05) lower compared with lean subjects whether or not they had PCOS. Nevertheless, mean lipid levels were clinically normal in all four groups.
Basal hormone levels and HCG-stimulated androgen and 17-OHP responses Serum levels of LH, testosterone, and androstenedione were significantly (P , 0.05) higher in women with PCOS compared with control subjects regardless of body composition status. However, dehydroepiandrosteronesulfate levels were similar in all four groups ( Table 1 ).
The AUC for the HCG-stimulated responses of testosterone, androstenedione, and 17-OHP were significantly (P , 0.05) higher in women with PCOS compared with that of control subjects regardless of weight class.
Correlations
BMI, percentage of total body fat, percentage of truncal fat and R1 fat were positively correlated with the iAUC for plasma LPS levels, TLR-4 mRNA and protein content, and SOCS-3 mRNA and protein content for the combined groups and separately in women with PCOS and control subjects ( Table 2) . These same adiposity measures were also positively correlated with the plasma TNFa iAUC for the combined groups and in control subjects.
IS OGTT was negatively correlated with BMI (r = 20.53; P , 0.0006), percentage of total body fat (r = 0.53; P , 0.0006), percentage of truncal fat (r = 20.58; P , 0.0002) and R1 fat (r = 20.54; P , 0.0004) for the combined groups. IS OGTT was also negatively correlated with the iAUC for plasma LPS, TLR-4 mRNA and protein content, plasma TNFa, and SOCS-3 mRNA and protein content for the combined groups and in control subjects, and with TLR-4 protein content in women with PCOS (Table 2) .
For the combined groups, plasma triglyceride levels were positively correlated with plasma LPS iAUC (r = 0.38; P , 0.02) and the iAUC for the protein content of TLR-4 (r = 0.50; P , 0.002) and SOCS-3 (r = 0.43; P , 0.009); and plasma HDL was negatively correlated with the iAUC for plasma LPS (r = 20.33; P , 0.05) and TLR-4 protein content (r = 20.53; P , 0.0006). Plasma HDL was negatively correlated with TLR-4 protein content iAUC (r = 20.55; P , 0.02) in women with PCOS. Plasma triglycerides were positively correlated with the iAUC for the protein content of TLR-4 (r = 0.75; P , 0.0003) and SOCS-3 (r = 0.65; P , 0.004) in control subjects. b PCOS obese vs control lean subjects, P , 0.04.
c Control obese subjects vs control lean subjects, P , 0.006.
d PCOS lean vs control obese subjects, P , 0.05.
e PCOS lean vs control lean subjects, P , 0.05.
f PCOS obese vs control obese subjects, P , 0.05.
For the combined groups, there were positive correlations between basal LH and SOCS-3 protein content, basal androstenedione and SOCS-3 mRNA content, HCGstimulated androstenedione AUC, and the iAUC for plasma LPS, TLR-4 protein content, and SOCS-3 mRNA content, along with HCG-stimulated 17-OHP AUC and SOC-3 mRNA and protein content (Table 3) . For the combined groups and in women with PCOS, basal testosterone and HCG-stimulated testosterone AUC were positively correlated with plasma LPS iAUC, and basal androstenedione and HCG-stimulated androstenedione AUC were positively correlated with the SOCS-3 protein content iAUC. The SOCS-3 mRNA content iAUC was positively correlated with basal LH in women with PCOS, and with basal androstenedione in control subjects (r = 0.59; P , 0.02).
Discussion
Our data clearly show that in PCOS, increases in circulating LPS and TLR-4-related inflammation emanating from MNCs in response to saturated fat ingestion only occur in the presence of obesity. Obese subjects, whether or not they had PCOS, had lipid-induced increases in plasma LPS and TNFa levels, and MNC-derived TLR-4 and SOC-3 gene expression. However, obese women with PCOS had the highest plasma LPS and TLR-4 protein content responses, indicative of an obesity-related phenomenon that is worsened by PCOS. Furthermore, lean women with PCOS had lipid-induced increases in plasma TNFa and SOC-3 gene expression compared with lean control subjects, implicating TNFa-mediated SOCS-3 action as a potential mechanism of IR in PCOS that is independent of obesity. Plasma LPS and SOCS-3 gene expression were negatively associated with insulin sensitivity and positively associated with basal and HCG-stimulated androgen secretion, lending further support to the concept that lipid-stimulated inflammation may be involved in promoting IR and hyperandrogenism in PCOS. The positive association between circulating and molecular markers of inflammation and measures of adiposity also suggests that in PCOS, excess adipose tissue is a contributor to the inflammatory load and an additional modulator of insulin action. Obese control subjects and obese women with PCOS had a greater iAUC for plasma LPS (*P , 0.04; † P , 0.001), TLR-4 mRNA content (*P , 0.02; † P , 0.007), and TLR-4 protein content (*P , 0.0001; † P , 0.0001), compared with lean women with PCOS and lean control subjects. Obese women with PCOS exhibited a greater iAUC for plasma LPS (P , 0.0007) and TLR-4 protein content (P , 0.0001) compared with obese control subjects. Lean women with PCOS, obese control subjects, and obese women with PCOS had a greater iAUC for plasma TNFa (*P , 0.01; † P , 0.03), SOCS-3 mRNA content (*P , 0.03; † P , 0.008), and SOCS-3 protein content (*P , 0.0001; † P , 0.0001), compared with lean control subjects. Obese women with PCOS had a greater iAUC for SOCS-3 mRNA content ( ‡ P , 0.05) and SOCS-3 protein content ( ‡ P , 0.005) compared with obese control subjects.
Lean, healthy, reproductive-age women exhibited suppression of MNC-derived inflammation after saturated fat ingestion, which may be the in vivo norm for this population. The responses of plasma LPS, TLR-4 mRNA and protein content, plasma TNFa, and SOCS-3 mRNA and protein content were suppressed in lean control subjects. We previously reported a similar response pattern after glucose ingestion for MNC-derived NFkB activation and associated mediators of inflammation in normal reproductive-age women (2-5, 36) . In contrast, studies of lean humans that included men and older individuals reported pro-oxidant, proinflammatory responses to ingestion of glucose, saturated fat, and, to a lesser extent, protein (37) . Most notably, one study of this latter cohort demonstrated increases in circulating LPS and TLR-4 expression only in response to ingestion of saturated fat, but not to glucose (12) , which highlights the more profound role of saturated fat in the induction of postprandial inflammation. Thus, lean, healthy, reproductive-age women are protected from the proinflammatory effect of saturated fat ingestion, thereby avoiding suboptimal insulin signaling to maintain adequate glucose disposal. Comparison of the four study groups of the change from baseline (%) in (A) plasma TNFa levels, MNC-derived (B) SOCS-3 mRNA content, and (C) SOCS-3 protein content from blood samples collected while subjects fasted and at 2, 3, and 5 hours after saturated fat ingestion. (C) Representative Western blots show the change in quantity of SOCS-3 and actin in MNC homogenates in samples collected before and after saturated fat ingestion. The samples used to quantify proteins by densitometry were run on the same gel. Lean and obese women with PCOS and obese control subjects exhibited greater responses in plasma TNFa (*P , 0.03), SOCS-3 mRNA content (*P , 0.005), and SOCS-3 protein content (*P , 0.0001) compared with lean control subjects at 2 and 3 hours after ingesting saturated fat. Obese women with PCOS had a greater SOCS-3 protein content response ( † P , 0.05) compared with obese control subjects at 2 and 3 hours after ingesting saturated fat. Obese women with PCOS had greater residual responses in SOCS-3 mRNA content ( † P , 0.0001) and SOCS-3 protein content ( ‡ P , 0.0001) compared with lean women with PCOS, and control subjects who were lean or obese at 5 hours after ingesting saturated fat.
Lean women with PCOS are in a proinflammatory state promoted by saturated fat ingestion. Plasma TNFa and SOCS-3 mRNA and protein content increased after saturated fat ingestion in lean women with PCOS compared with lean control subjects. This finding represents a potential TNFa-mediated inflammatory mechanism of IR in PCOS and is corroborated by the negative association of SOCS-3 mRNA and protein content responses with insulin sensitivity in women with PCOS. In contrast, LPS does not appear to mediate inflammation in lean women with PCOS, because plasma LPS and MNC-derived TLR-4 mRNA and protein content were suppressed in this group after saturated fat ingestion, thereby mimicking the responses observed in lean control subjects. This latter finding suggests that the modest gut microbiome alteration described previously in lean women with PCOS (23) has no effect on systemic and MNC-derived inflammation. The elevated circulating LBP levels in lean women with PCOS (24) may contribute to this phenomenon through LPS sequestration within circulating LBP-LPS complexes, thereby preventing LPS access to membrane-bound LBP for TLR-4 binding (16) . Thus, women with PCOS display a distinct proinflammatory risk profile incited by saturated fat ingestion that promotes IR yet is unrelated to circulating LPS and independent of obesity.
Obese women with PCOS are in an even greater proinflammatory state perpetuated by saturated fat ingestion. This was evident in the present study by the increases in plasma LPS and TNFa, and MNC-derived TLR-4 and SOCS-3 mRNA and protein content after saturated fat ingestion in obese subjects compared with lean subjects regardless of PCOS status. The even greater LPS and TLR-4 protein content responses observed in obese women with PCOS compared with obese control subjects may be related to the preponderance of gramnegative bacteria in the gut microbiome of these individuals (22) . This phenomenon favors a systemic and MNC-related proinflammatory milieu that promotes defective insulin signaling and IR, as described previously in obesity (12, (38) (39) (40) . This is corroborated in our study by the inverse relationship of the responses of plasma LPS and TNFa, and MNC-derived TLR-4 and SOCS-3 mRNA and protein content with insulin sensitivity.
Thus, it appears that obesity is the main driver of lipidinduced increases in circulating LPS and MNC-derived TLR-4 gene expression with an even greater LPS-mediated inflammatory response when obesity is combined with PCOS. Research with a larger sample size is merited to better evaluate the potential interaction between PCOS and obesity on the lipid-induced responses of LPS and TLR-4. In PCOS, inflammation triggered by saturated fat ingestion is linked to adiposity. In the present study, plasma LPS iAUC and lipid-stimulated mediators of inflammation were positively associated with measures of adiposity, especially abdominal adiposity for the combined groups and in women with PCOS. Migration of MNCs into the stromal-vascular compartment of excess adipose tissue as a result of hypoxia-related cell death incites oxidative stress (41, 42) . TNFa is subsequently produced by MNC-derived macrophages and serves as a paracrine stimulator of adipocyte TNFa production (43) . Measures of abdominal adiposity are also negatively associated with insulin sensitivity. Thus, circulating MNCs and excess adipose tissue may be joint contributors to systemic inflammation and IR in PCOS.
In PCOS, inflammation triggered by saturated fat ingestion is also linked to dyslipidemia. In the present study, plasma LPS iAUC and the iAUC for the protein content of TLR-4 and SOCS-3 were positively associated with plasma triglyceride levels for the combined groups, and TLR-4 protein content iAUC was negatively associated with plasma HDL level for the combined groups and in women with PCOS. Indeed, LPS and multiple cytokines, including TNFa, stimulate hepatic fatty acid synthesis, adipose tissue lipolysis, and fatty acid transport to the liver, thereby increasing hepatic triglyceride and triglyceride-rich very-low-density lipoprotein (VLDL) production and secretion into the circulation (44). The abundance of VLDL per se promotes the transfer of triglyceride from VLDL to LDL, which can subsequently be hydrolyzed by hepatic lipase to small, dense LDL. This latter form of LDL is proatherogenic, because it can easily penetrate the blood vessel wall and is more readily oxidized for enhanced uptake by foamy macrophages within atherosclerotic plaques (45) . LPS and TNFa also lower circulating HDL and cause structural alterations in HDL that reduce its ability to scavenge cholesterol from foamy macrophages (46) . In our study, cholesterol and LDL levels were higher in women with PCOS regardless of weight class, whereas triglyceride levels were higher and HDL levels were lower in obese women with PCOS, in particular. Thus, lipidinduced inflammation may be a potent driver of dyslipidemia in PCOS, particularly when combined with obesity, with inflammation and the abnormal lipid profile working in concert to promote atherogenesis at a young age. In PCOS, inflammation stimulated by saturated fat ingestion may directly promote hyperandrogenism. Basal levels of LH and androgens along with the HCGstimulated androgen secretion were all positively associated with various lipid-stimulated inflammation markers for the combined groups and in women with PCOS in the present study. These findings corroborate similar findings from our previous studies (1) (2) (3) (4) (5) 47) . Although the relationship with LH suggests a central effect of inflammation on ovarian androgen production, local effects are well characterized. Saturated fat ingestion increases the number of MNC-derived macrophages within the ovary (48) . TNFa secreted from macrophages can promote serine phosphorylation that may increase the activity of the 17,20-lyase androgenproducing arm of CYP17 (49) . TNFa also stimulates theca cell proliferation (50) . In addition, chronic suppression of inflammation with salicylate therapy reduces basal and HCG-stimulated androgen secretion in lean insulin-sensitive women with PCOS (51). Thus, an inflammatory response from MNCs trafficking into the polycystic ovary manifested by lipid-induced TLR-4 gene expression and subsequent TNFa secretion may promote the proliferation and steroidogenic activity of theca cells to stimulate excess ovarian androgen production.
In conclusion, saturated fat ingestion promoted increases in circulating LPS levels and TLR-4 gene expression in obese reproductive-age women that were even greater when PCOS was present. Saturated fat ingestion also stimulated increased circulating TNFa levels and SOCS-3 gene expression in women with PCOS regardless of weight class. Thus, the lipid-induced increase in LPSmediated inflammation is an obesity-related phenomenon made worse by PCOS. In contrast, the lipid-induced increase in SOCS-3 gene expression may represent a potential TNFa-mediated inflammatory mechanism of IR in PCOS that is independent of obesity. These proinflammatory phenomena highlight the separate and distinct impacts of circulating MNCs and excess adipose tissue in the development of IR, dyslipidemia, and hyperandrogenism in PCOS.
